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METHOD FOR IMPROVING INTERLEVEL DIELECTRIC 
GAP FILLING OVER SEMICONDUCTOR STRUCTURES 
HAVING HIGH ASPECT RATIOS 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

The present invention relates to a method for making 
integrated circuits on semiconductor substrates. The method 
is for forming inter level dielectric (ILD) layers having 
improved gap filling between closely spaced conducting 
lines. In particular the method utilizes the removal of 
sidewall spacers on closely spaced FET gate electrodes after 
forming self-aligned lightly doped source/drain areas and 
source/drain contact areas, and before depositing an ILD 
layer . 

(2) DESCRIPTION OF THE PRIOR ART 

As the Ultra-Large Scale Integration (ULSI) circuit 
density increases and device features sizes become less than 
0.25 micrometers, increasing numbers of patterned 
electrically conducting levels are required with decreasing 
spacings between conducting lines at each level to 
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effectively wire up discrete semiconductor devices on 
semiconductor chips. In the more conventional method the 
different levels of electrical interconnections are 
separated by layers of insulating material . These 
interposed insulating layers have etched via holes which are 
used to connect one conducting level to the next. A typical 
insulating material is silicon oxide (Si0 2 ) - More recently, 
however, dielectrics having a low dielectric constant k have 
been used, for example, values less than 4.0 are typically 
used to reduce the RC constant and thereby improve circuit 
performance. However, as the device dimensions decrease and 
the packing density increases, it is necessary to reduce the 
spacings (gaps) between the conducting lines to effectively 
wire up the discrete devices on a silicon substrate. 
Unfortunately, one level of interconnections where this is a 
particular problem is at the first level of polysilicon 
interconnections used to make FET gate electrodes and some 
of the local interconnections. As the spacings between the 
gate electrodes decreases, it is also necessary to retain 
the thickness of the polysilicon lines to maintain a 
reasonably low line resistance (sheet resistance) to achieve 
a low RC constant. Unfortunately, this results in a very 
high aspect ratio (height to width) for the gap or space 
between the lines. This increased aspect ratio makes it 
difficult to fill the gaps when the next level of insulation 
is deposited without forming unwanted voids, as shown in 
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Fig. 1. This problem is best understood with reference to 
Fig. 1, in which a gate oxide 12 is grown on device areas on 
the surface of a substrate 10. Closely spaced gate 
electrodes 14 are formed next by depositing a polysilicon 
layer which is patterned. Then lightly doped source/drain 
regions 16 are implanted adjacent to the gate electrodes 14 
(self -aligned) . Sidewall spacers 18 are formed on the gate 
electrodes and source/drain (S/D) contact regions 20 are 
implanted self -aligned to the sidewall spacers. To improve 
the conductivity of the gate electrodes and to provide good 
ohmic contact to the S/D contacts, a metal, such as cobalt 
(Co) is deposited and annealed to form a self-aligned 
silicide 22 on the gate electrodes 14 and on the contacts 
20. In the current semiconductor technologies the spacings 
or gaps between gate electrodes are quite narrow, and to 
retain reasonable conductivity the height (thickness) of the 
gate electrodes cannot be significantly reduced. After 
forming the sidewall spacers the aspect ratio of the gaps Gl 
(ratio of the height of the polysilicon to the width between 
the sidewall spacers) can be quite large, for example, 
greater than 5.0. When an inter level dielectric (ILD) 
insulating layer 24 is deposited, voids V are inadvertently 
formed in the ILD layer in the gaps 61 between the gate 
electrodes due to the nature of the deposition process. 
Typically these voids extend along the gate electrodes and 
local interconnections and can lead to electrical shorts 
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when via holes are etched in the ILD layer. Therefore, 
there is a strong need in the semiconductor industry to 
eliminate these voids during ILD deposition. 

Several methods for forming closely spaced conducting 
lines for high-density circuits have been described. For 
example, U.S. Patent No. 5,751,040 to Chen et al. describes 
a method for forming vertical FETs for ROM memory cells in 
which a source is formed in a trench, an FET channel is 
formed in the trench wall, and a drain on the surface which 
are self -aligned. This allows the inventors to double the 
density of the FETs. Sheng et al. in U.S. Patent No. 
4, 994 , 404 use a disposable amorphous carbon sidewall spacer 
to self -align the source/drain contacts to the LDD. The 
amorphous carbon is then removed. Gardner et al. in U.S. 
Patent No. 6,365,943 Bl describe a method for making two 
levels of FET devices to increase circuit density on the 
chip. U.S. Patent No. 6,380,535 Bl to Wu et al. describe a 
method for making sidewall spacers on an FET gate electrode 
without damaging the substrate during etching. Pham et al., 
U.S. Patent No. 6,455,373 Bl, make flash memory (floating 
gate) FETs in which the sidewalls are of different 
thicknesses on the source and drain sides to reduce leakage 
currents, such ion charge and the like. 
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SUMMARY OF THE INVENTION 

A principal object of the present invention is to form 
conformal inter level dielectric (ILD) layers having reduced 
voids (W-stringers) in the gaps between closely spaced 
conducting lines having sidewall spacers. 

A second objective of this invention is to reduce the 
aspect ratio of the gaps between these closely spaced 
conducting lines by removing the sidewall spacers or 
partially removing the sidewall spacers after forming the 
lightly doped source/drain areas and before depositing the 
ILD layers. 

In accordance with the objects of this invention, a new 
method is achieved for depositing an ILD layer with reduced 
void formation over closely spaced conducting lines, and 
more specifically for reducing voids between FET gate 
electrodes. The method begins by providing a semi conductor 
substrate, such as a single-crystal silicon substrate with 
active device areas having on the surface a gate oxide. A 
doped polysilicon layer is deposited and patterned to form 
polysilicon gate electrodes. Lightly doped source/drain 
regions are formed adjacent to and self -aligned to the 
polysilicon gate electrodes, for example, by ion 
implantation. Next, a conformal insulating layer, such as 
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silicon oxide (Si0 2 ) and/ or silicon nitride (Si 3 N 4 ) , is 
deposited and anisotropically etched back to form sidewall 
spacers on the polysilicon gate electrodes. Source/drain 
contact areas are then formed adjacent to the sidewall 
spacers by using a second ion implantation. A self -aligned 
metal silicide (SALICIDE) layer is formed on the polysilicon 
gate electrodes and on the source/drain contact areas. The 
SALICIDE is formed by depositing a metal, such as cobalt 
(Co) , on the exposed polysilicon gate electrodes and on the 
source/drain contact areas and annealing to form CoSi. Then 
the unreacted Co on the insulating surfaces is removed. In 
the conventional process for very-high density circuits with 
minimal feature sizes , the aspect ratio of the gaps between 
the gate electrodes having sidewall spacers can be very 
large (for example, greater than 5) , and result in void 
formation during subsequent ILD layer deposition. A novel 
feature of this invention is to remove the sidewall spacers, 
which reduces the aspect ratio of the gaps between the gate 
electrodes. The SALICIDE contacts on the gate electrodes 
and on the source/drain contact areas are retained to 
provide low contact resistance during subsequent processing. 
An interlevel dielectric layer is deposited over and between 
the polysilicon gate electrodes and filling the gaps between 
the polysilicon gate electrodes on the substrate. Because 
of the reduced aspect ratio of the gaps, the ILD layer can 



6 



TSMC2003-0268 



be deposited with reduced voids in the ILD betw en the gate 
electrodes . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objectives and other advantages of this invention 
are best understood with reference to the preferred 
embodiment and the drawings in the figures. 

Fig. 1 is a schematic cross-sectional view showing 
several closely spaced gate electrodes formed using 
conventional processing in which the high-aspect ratio 
between the electrodes results in unwanted voids that occur 
in an interlevel dielectric layer deposited on the gate 
electrodes . 

Figs. 2 through 4 are schematic cross-sectional views 
showing the sequence of process steps for making closely 
spaced gate electrodes having substantially reduced aspect 
ratio between the electrodes resulting in improved ILD layer 
deposition without voids, by the method of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method of this invention for forming an interlevel 
dielectric layer on closely spaced FET gate electrodes 
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(including local interconnections) with high-aspect ratios 
is now described. While the method is described for 
depositing an ILD layer having reduced voids over closely 
spaced FET gate electrodes, it should be understood by those 
skilled in the art that the method can also be used for 
closely spaced conducting lines where self-aligned implants 
and self -aligned silicides are required. For example, the 
method can be used for closely spaced bit lines and the 
like. It should also be understood that the method is 
applicable to CMOS circuits having both N-channel and 
P-channel FETs. 

Referring now to Fig. 2, the method begins by providing 
a semi conductor substrate 10. Typically the substrate is a 
single-crystal silicon having a <100> crystallographic 
orientation. Active device areas are formed in and on the 
substrate 10, one of which is shown in Fig. 2. A gate oxide 
12 is formed on the active device areas. Typically the gate 
oxide 12 is a silicon oxide formed by thermal oxidation to a 
thickness of between about 16 and 26 Angstroms. For 
example , the thicker gate oxide (26 Angstroms) would be used 
for technologies having feature sizes of about 0.15 um, and 
the thinner oxides would apply to technologies having 

features sizes of about 0.09 um. However, other advanced 
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dielectric layers having higher dielectric constants k, such 
as silicon oxynitride and the like, can also be used for the 
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gate oxide 12 without limiting the scope of the invention. 
A doped polysilicon layer is deposited, for example, by 
chemical -vapor deposition (CVD) to a thickness of between 
about 1500 and 1800 Angstroms. Using conventional 
photolithographic techniques and anisotropic plasma etching, 
the polysilicon layer is patterned to form closely spaced 
polysilicon lines that extend over the active device regions 
to form gate electrodes 14 having a width of about 100 
nanometers (nm) . The gate electrodes also extend over 
shallow trench regions (not shown) to provide some of the 
local interconnections. For current high-density integrated 
circuits the spacing between gate electrodes is typically 
about 180 nm. A first ion implantation is used to form 
lightly doped source/drain regions 16 adjacent to and 
self -aligned to the polysilicon gate electrodes 14 . 

Still referring to Fig. 2, a conformal insulating 
layer, preferably silicon nitride (Si 3 N 4 ) , is deposited. 
The Si 3 N 4 can be deposited by CVD using silane (SiH 4 ) and 
ammonia (NH3) as the reactant gas mixture. The insulating 
layer is formed to a preferred thickness of between about 
800 and 1000 Angstroms. The insulating layer is aniso- 
tropically etched back to form sidewall spacers 18 on the 
sides of the polysilicon gate electrodes 14. For a spacing 
of about 180 nm between adjacent gate electrodes, the 
sidewall spacers are formed to have a width of about 75 nm. 
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Source /drain contact areas 20 are then formed adjacent to 
the sidewall spacers 18 by using a second ion implantation. 
The resulting gap Gl has a high aspect ratio of about 180 
nm/(180 nm - 75 x 2 nm) , which has a value of 6.0. 

Continuing with Fig. 2, a self -aligned metal silicide 
(SALIC IDE) layer 22 is formed on the polysilicon gate 
electrodes 14 and on the source/drain contact areas 20. The 
SALICIDE is formed by depositing a metal , such as cobalt 
(Co) , on the exposed polysilicon gate electrodes 14 and on 
the source/drain contact areas 20 and annealing to form 
CoSi. Then the unreacted Co on the insulating surfaces (not 
shown) is removed. As described in detail above, in the 
conventional process for very-high density circuits with 
minimal feature sizes, the aspect ratio of the spacings or 
gaps 61 between the gate electrodes having sidewall spacers 
can be very large (for example, greater than 5) . As shown 
in the prior-art in Fig. 1, these high aspect ratio gaps can 
result in void formation V during subsequent ILD layer 
deposition 24. 

Referring to Fig. 3, a novel feature of this invention 
is to remove the sidewall spacers 18, which increases the 
spacings or gaps between the FET gate electrodes, thereby 
reducing the aspect ratio of the spacing or gaps, labeled 
G2 . For example , the aspect ratio can be reduced from 5 . 0 
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to less than 1.5. The S± 3 N 4 sidewall spacers 18 are 
selectively removed preferably using a hot H3P0 4 etch. 
Alternatively the sidewall spacers can be removed using 
in-situ plasma etching in a high-density plasma (HDP) 
etcher. After removing the sidewall spacers 18, the 
remaining CoSi 22 on the gate electrodes 14 and on the 
source/drain contact areas 20 is retained to provide low 
contact resistance during subsequent processing. 

Referring to Fig. 4, an inter level dielectric layer 24 
is deposited over and between the polysilicon gate 
electrodes 14 and filling the gaps G2 between the 
polysilicon gate electrodes on the substrate. Preferably 
the ILD layer 24 is composed of a thin plasma-enhanced- 
deposited Si 3 N 4 layer (not shown) that serves as a diffusion 
barrier layer, and a thicker phosphorus-doped silicate glass 
(PS6) that is deposited, for example, by high-density-plasma 
CVD. The Si 3 N 4 barrier layer is deposited to a preferred 
thickness of about 600 Angstroms, and the PS6 layer is 
deposited to a preferred thickness of about 9500 Angstroms. 
Because of the reduced aspect ratio of the gaps 62, the ILD 
layer 24 can be deposited without forming voids (labeled V 
as depicted in the prior-art Fig l)in the ILD layer 24 in 
the gaps 62 between the gate electrodes 14. 
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While the invention has been particularly shown and 
described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made without 
departing from the spirit and scope of the invention. 

What is claimed is: 
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